living with human immunodeficiency virus (HIV) infection has notably improved. However, even in patients on HAART, HIV infection can cause immunosenescence and chronic inflammation [2] , which may contribute to multimorbidity (defined as ''the co-occurrence of multiple chronic or acute diseases and medical conditions in one person without reference to an index condition'' [3] ). Having more than 1 chronic disease has been associated with poor functional status, decreased quality of life, unnecessary hospitalizations, adverse drug events, mortality, and increased medical costs [4] [5] [6] .
Few studies have assessed multimorbidity among HIV-infected populations [7, 8] with even fewer specifically among injection drug users (IDUs) [9] . Given the importance of multimorbidity in aging populations [10] , the increasing age of HIV-infected [11] and IDU populations [12] , and the lack of information on multimorbidity in these groups, we investigated the prevalence of non-AIDS-defining multimorbidity and evaluated HIV-related and other factors as correlates of multimorbidity in a large, urban IDU cohort.
METHODS

Study Population
The AIDS Linked to the IntraVenous Experience (ALIVE) study, described in detail previously [13] , is a prospective, communityrecruited observational cohort of HIV-infected and at-risk current and former IDUs followed outside clinical treatment settings in Baltimore, Maryland. Enrollment of persons $18 years of age with a history of injection drug use began in 1988, with subsequent recruitment in 1994-1995, 1998, 2000, and 2005-2008 . HIV-infected and -uninfected participants were followed under a common protocol involving biannual visits with interview, clinical examination, and biospecimen collection. All participants provided written informed consent; the study was approved by the Johns Hopkins University Institutional Review Board. With participant consent, participants and their identified providers received results from clinical assessments. Participants evaluated from 2007 to 2009 were included in this analysis.
Data Collection and Measures
At baseline and follow-up visits, sociodemographic, behavioral, and clinical information was collected or updated. Risk behavior was collected using audio computer-assisted self-interview. Trained interviewers obtained HIV and general medical history. Depressive symptoms were assessed using the Center for Epidemiologic Studies Depression Scale (CES-D) with a cut-point of 23 , as suggested for drug-using populations [14] .
Routine laboratory testing at each visit included measurement of HIV serology for HIV-negative participants and of T-cell subsets and HIV RNA (Roche Molecular Systems Amplicor HIV-1 Monitor test version 1.5) for HIV-positive participants; HIV RNA of #400 copies/mL was considered below the lower limit of detection. Since October 2007, testing included a complete blood count, serum creatinine concentration, urine protein and creatinine concentration, and glycosylated hemoglobin using highperformance liquid chromatography (boronate affinity).
At each visit, standardized assessment of blood pressure (the last of 3 seated measurements), height, and weight were performed. Since February 2006, transient elastography (FibroScan, Echosens) was used to quantify liver stiffness (in kPa) as a noninvasive assessment of liver fibrosis [15] . Since January 2007, certified technicians performed prebronchodilator spirometry using a KOKO (Pulmonary Data Services) pneumotach in accordance with American Thoracic Society guidelines [16] ; percent-predicted values were calculated using standard formulas [17] .
The primary outcome of interest was multimorbidity determined by presence of up to 7 non-AIDS-defining chronic conditions including diabetes, obstructive lung disease (OLD) [17] , liver fibrosis [15] , anemia [18] , obesity, kidney dysfunction [19] , and hypertension. These conditions, defined in Table 1 , were chosen because clinical and laboratory data were available to systematically assess their presence; standardized clinical and laboratory measures were not available to assess other conditions.
Self-reported prevalence of diseases was determined by asking participants if a healthcare provider had ever indicated that they had diabetes, OLD (chronic obstructive pulmonary disease, emphysema, or asthma), liver disease (bleeding varices, ascites, cirrhosis, or hepatic encelopathy), renal disease, or hypertension. Self-reported anemia or obesity diagnosis was not available. Selfreported prevalence was compared with the clinically determined prevalence as defined above, with the exceptions that more conservative and symptomatic definitions were used for renal (estimated glomerular filtration rate ,60 mL/min/1.73 m 2 ) and liver disease (liver stiffness $12.3 kPa equivalent to cirrhosis) [15] .
Statistical Analysis
Summation of the number of conditions present for each participant was used to construct an ordinal multimorbidity outcome variable, categorized as 0, 1, 2, or $3 conditions. Although we used count data, categorization was used to account for small numbers of observations in cells with the greatest number of conditions. Analysis was restricted to participants with data Under the proportional odds assumption in the ordinal logistic regression model, the estimated odds ratio (OR) applies to any of the 3 ORs being modeled; that is, we estimated the increased likelihood associated with $1 relative to 0, $2 relative to 0-1, and $3 relative to 0-2 conditions. HIVspecific correlates were included in the model using interaction terms. Specifically, we investigated current CD4 T-cell count, nadir CD4 T-cell count (minimum CD4 T-cell count measured during time in study or the lowest self-reported CD4 T-cell count prior to study entry), and current HIV RNA. HAART use was evaluated as any HAART use in the prior 6 months, type of regimen, proportion or number of visits reporting HAART, time on HAART, and proportion of visits with undetectable HIV RNA to reflect optimally effective HAART. Multicollinearity was determined using variance inflation factors. Covariates with univariate associations significant at a 5 .10 or with biologic significance were assessed in a multivariable proportional odds model. Covariates that were no longer significant at a 5 .05 were individually removed from the final model if the relationships between multimorbidity and the remaining independent variables as determined by point estimates were not changed by the removal of the nonsignificant covariates. The parallel assumption for proportional odds was formally tested. Because of differential follow-up time, a sensitivity analysis of cumulative measure variables was performed among those recruited before and after 2005. Self-reported and clinically determined prevalences were compared using Cohen's j test statistic. All analyses were performed using Stata software version 11.
RESULTS
Participants' median age was 48.9 years (interquartile range [IQR], 43.5-53.9; age range, 21-81); 65.1% were male, 87.5% were African American, and 28.7% were HIV infected ( Table 2) . HIV infection was positively associated with being AfricanAmerican, never being married, being unemployed, and not recently drinking alcohol or using drugs. Among HIV-infected participants, the median CD4 T-cell count was 292 cells/mm 3 (IQR, 165-479), 53.8% were currently receiving HAART, and 47.6% had HIV RNA #400 copies/mL. The median number of conditions was 1 (IQR, 1-2) for HIV-uninfected and 2 (IQR, 1-3) for HIV-infected participants. HIV-infected participants had a higher prevalence of $3 conditions compared with HIVuninfected persons (29.6% vs 17.2%, respectively; P # .001; Figure 1 ). The number of conditions was also higher for persons $50 years of age irrespective of HIV status. The overall prevalence of specific conditions ranged from 8.4% having diabetes to 38% with hypertension (Table 3) . Except for anemia and obesity, all conditions were more common among persons $50 years of age. Accounting for age group, HIV infection was positively associated with liver disease (P # .001), anemia (P # .001), obesity (P 5 .003), and kidney dysfunction (P # .001) but was not significantly associated with diabetes (P 5 .349), OLD (P 5 .672), or hypertension (P 5 .582).
In unadjusted analysis, several factors were associated with increasing numbers of multimorbid conditions (Table 4) , including age (median age increased .5 years from those with no conditions to those with $3 conditions), being African-American, and not smoking or using illicit drugs. In additional models that excluded obesity and hypertension from the definition of multimorbidity, the protective effect of cigarette use and injection drug use was lost. In other models that included pharmacologic treatment for drug use, buprenorphine was not associated with multimorbidity. Whereas methadone maintenance or detoxification was associated with multimorbidity, largely through an association with obesity and liver disease, including this variable in an adjusted model did not alter the protective effect of drug use. HIV infection was significantly associated with increased multimorbidity; the proportion of participants with HIV increased from 19.8% of those with no conditions to 40.8% of those with $3 conditions.
Compared to an HIV-uninfected person and controlling for other covariates (Table 5) , an HIV-infected person with nadir CD4 T-cell count of 200 cells/mm 3 and with current virologic suppression had .50% higher odds of multimorbidity (adjusted OR, 1.50; 95% CI, 1.13-1.99). Among HIV-infected persons, greater multimorbidity was associated with lower nadir CD4 T-cell count (adjusted OR, 1.14; 95% CI, 1.00-1.29 per 100-cell decrease) and higher current HIV RNA (adjusted OR, 1.32; 95% CI, 1.08-1.60 per log 10 copies/mL increase). However, the number of multimorbid conditions was not significantly associated with any measure of HAART (data not shown). Among persons undergoing HAART, neither current protease inhibitor use (v 2 P 5 .597) nor any use of a protease inhibitor during time in study (v 2 P 5 .532) was associated with diabetes. Tenofovir use during any time in study was not associated with kidney dysfunction (v 2 P 5 .850). However, clinicians may selectively avoid prescribing specific antiretroviral medicines to persons with or at risk for comorbid conditions (eg, avoiding tenofovir in patients with renal dysfunction); this selection bias may have contributed to our observed lack of association. When analysis was restricted to earlier-recruited participants with longer follow-up with adjustment for age and sex, the risk estimates for Data represent no. (%) of the sample with the condition. a P values for human immunodeficiency virus (HIV) were calculated from coefficients in a logistic regression for the effects of HIV on presence of specific disease adjusted for age grouping and are based on the asymptotic normality theory.
current and nadir CD4 T-cell count and current HIV RNA were accentuated, while inferences from cumulative measures for virologic suppression or HAART were not substantively changed (data not shown). In addition to HIV infection, greater multimorbidity was associated with increased age, female sex, not smoking cigarettes, not using injection or noninjection drugs, and having depressive symptoms. For these covariates in the multivariable model ( that disease by a healthcare provider, with the percent agreement ranging from 74.3% for OLD to 99.5% for renal disease (Table 6 ). However, a majority of participants with clinically defined disease self-reported never being previously diagnosed. Among those with renal or liver disease, .80% reported never being diagnosed, while one-quarter to one-third with clinical evidence for diabetes or hypertension reported never being diagnosed. The j statistics suggested slight to moderate agreement between clinical and self-reported prevalence. Agreement was similar by HIV status. Abbreviations: ALIVE, AIDS Linked to the IntraVenous Experience study; CES-D, Center for Epidemiologic Studies Depression Scale; CI, confidence interval; HIV, human immunodeficiency virus; OR, odds ratio. a Univariate and multivariate proportional odds model: Under the proportional odds assumption, the estimated OR applies to any of the 3 ORs being modeled; that is, we estimate the OR for $1 conditions relative to 0, the OR for $2 conditions relative to 0-1, or the OR for $3-conditions relative to 0-2. b At enrollment.
c In prior 6 months.
d Per 100-cell decrease (centered at 200 cells/mm 3 ). e Per log 10 copies/mL increase (centered at 2.60, level of detection).
DISCUSSION
In developed countries, HIV infection has evolved into a chronic disease with increasing morbidity and mortality associated with non-AIDS-defining conditions. In aging HIVuninfected populations, the consequences of multimorbidity are considerable and include poorer functioning with reduced quality of life, increased healthcare utilization and costs, and reduced survival [4] [5] [6] . Our study documents a heavy burden of non-AIDS multimorbidity among aging HIV-infected persons, especially those with advanced immune suppression or uncontrolled HIV viremia. Extending prior prevalence estimates [7, 8, 20] , these data identify factors associated with multimorbidity in HIV-infected and at-risk persons, provide insight into the pathogenesis of non-AIDS-defining conditions, and draw attention to the substantial prevalence of unrecognized and untreated multimorbid conditions in this population.
Estimates of multimorbidity prevalence in the general population are sparse [5, 21] but suggest that 10%-13% of adults have $2 and 3%-5% have $3 comorbid diseases [22] . Similar estimates in HIV-infected populations are limited and use disparate definitions of multimorbidity [7, 8, 20] , making comparisons difficult. We found that 61% and approximately 30% of HIV-infected persons had $2 or $3 multimorbid conditions, respectively, which is roughly 6-10-fold higher than reported from the general population and 1.5-2 times the prevalence observed in our HIV-uninfected comparison group. The disease-specific prevalence observed among our HIV-infected participants was substantially higher than prior estimates among US adults for chronic lung disease [23] , liver disease [24] , anemia [25] , kidney dysfunction [26] , and hypertension [27] , and comparable to estimates for diabetes [28] and obesity [29] ; the same trends were also apparent in comparison to other HIVinfected populations [7, 8, 30, 31] . Recognizing that comparison of disease prevalence between populations is challenging (our current or former IDUs were generally younger and more likely to be African-American and male), our data strongly suggest that non-AIDS conditions, considered in terms of multimorbidity or individually, are extremely prevalent and represent a primary health concern for this population.
HIV infection was associated with an increasing number of non-AIDS-defining conditions and a .50% increased likelihood of multimorbidity; immunosuppression and higher HIV RNA further enhanced this effect. These data are consistent with prior findings that showed increased development of liver, renal, and cardiovascular disease among persons on antiretroviral therapy (ART) with structured treatment interruption, suggesting a role for immune deficiency and chronic virally mediated inflammation in development of individual non-AIDS events [32] . Several biomarkers of inflammation, immune activation, and coagulation have been associated with chronic disease outcomes in the general population [33] . Many of these markers appear elevated in HIVinfected persons and have been associated with non-AIDS events and mortality [34, 35] . Thus, evidence is mounting for b A total of 9.43% of those with diabetes self-reported taking diabetes medication in prior 6 months.
c A total of 10.6% of those with hypertension self-reported taking antihypertension medication in prior 6 months.
an underlying physiological pathway of chronic inflammation attributable to chronic HIV infection that contributes to susceptibility to chronic disease and poorer health. Based on this pathway, effective ART with viral suppression would be expected to have a protective effect on multimorbidity. We nevertheless found no relationship between HAART and multimorbidity, even when considering effective ART with CD4 T-cell recovery or virological suppression. Competing risks related to HAART may be present, as other studies link specific antiretroviral drugs to metabolic changes and chronic disease [36] . If disease outcomes are heterogeneous depending on ART use and drug class, then the lack of association in our study may be explained partly by our evaluation of multimorbidity rather than specific diseases. Alternatively, multimorbidities associated with more advanced HIV disease (and lower nadir CD4 T-cell count) may have developed prior to HAART initiation, consistent with data supporting improved non-AIDS outcomes with earlier HAART initiation [37] .
In addition to older age, female sex and depressive symptoms were correlated with increased multimorbidity. These findings are consistent with cross-sectional and longitudinal studies of noninstitutionalized older adults [38] , although the effects of age and sex vary by condition [39] . Using cigarettes or illicit drugs appeared protective against multimorbidity in our analyses. However, this protective effect appears to be explained largely by smoking and drug use lowering body mass index and blood pressure, as exclusion of these 2 conditions from our definition of multimorbidity resulted in a null association with cigarette and injection drug use. Further, a '''healthy drug user'' effect, in which individuals who are more ill may no longer be using harmful substances, may also have contributed to these crosssectional findings.
Multimorbid conditions were common among both HIVinfected and -uninfected participants, yet were largely unrecognized by participants. For liver and kidney disease, which tend to be asymptomatic until advanced stages, this was particularly true. Among our HIV-infected IDUs, approximately 90% are coinfected with hepatitis C virus and 83% are current smokers; therefore, evaluation for these conditions would be of high priority. Notably, despite increased provider encounters and a smaller proportion without any insurance coverage (14% vs 35%), HIV-infected participants did not have improved recognition or treatment of multimorbid conditions compared with HIV-uninfected IDUs. The large proportion of unrecognized and untreated disease in this population could represent barriers to access to appropriate medical care, inadequate evaluation for persons in care, or, among those that may have been diagnosed, a failure of patient-provider communication resulting in a lack of patient comprehension and inaccurate self-report. Each of these explanations supports evolving approaches to providing comprehensive HIV care that routinely incorporates chronic disease management strategies while emphasizing self-management and patient-centered approaches [7, 40] .
This study has several limitations. For our analysis, we used a summation measure of multimorbidity that did not account for disease severity. Currently no standard list of diseases or approaches for measuring multimorbidity exists. A summation of multimorbidity is useful to assess prevalence and provide insight without giving weight to any specific condition [1] . Accounting for other conditions such as cardiovascular, bone, or neurocognitive disease, however, would have provided a more comprehensive view of multimorbidity. The cross-sectional analysis precludes against inferring causality between risk factors and multimorbidity. Because our data derive from a largely African-American, male, urban, IDU population, results may not be generalizable to other HIV-infected populations. Selfreport data may be subject to reporting bias; however, this bias is likely nondifferential. Furthermore, because data are collected in a nonclinical setting, we may avoid reporting bias specific to clinic-based data collection.
Immune changes and inflammation may underlie the increased vulnerability to age-associated morbidity we observed among HIVinfected persons. The heavy burden of age-associated multimorbid conditions indicates that appropriate diagnosis and management of these conditions is essential to preventing disease progression and maintaining health for this population. The aging and increasing medical complexity of HIV-infected populations challenges HIV care providers to move beyond focusing on ART and virological suppression to integrating evaluation and care of comorbid diseases into comprehensive healthcare services for HIV-infected persons. Improved understanding of the burden, mechanisms, and consequences of multimorbidity could contribute to improved management and care of aging HIV-infected persons.
Notes
